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1. INTRODUCTION
BACKGROUND

Lake Okeechobee is a large, freshwater lake located in central Florida. The lake is regulated for
flood control and water supply purposes and is the heart of south Florida’s water management
system. During the wet season, lake levels are regulated to reduce potential flood damages by
storing enormous volumes of water. During the dry season, stored water is released to support
the Everglades ecosystem and to provide water supply to south Florida’s municipal and
industrial users and irrigated agriculture.

Lake levels are actively managed during high and low water conditions. The principal purpose
of the Lake Okeechobee regulation schedule (LORS) is to control high water conditions. The
potential for heavy rains and severe tropical storms in south Florida requires that the lake be
carefully monitored to ensure that water levels do not threaten the structural integrity of the levee
system surrounding the lake. When water levels in Lake Okeechobee reach certain elevations
designated by the operating schedule, regulatory releases are made through the major outlets to
control excessive buildup of water in the lake. The principal outlets are the Caloosahatchee
River, which flows westward to Ft. Myers and the Gulf of Mexico; and the St. Lucie Canal,
which extends eastward to Stuart and the Atlantic Ocean. Conversely, when lake water levels
are excessively low, such as during droughts, the lake undergoes supply-side management
(SSM), and releases are restricted to conserve stored water. The outcome of these management
measures has been fluctuations in lake levels that are roughly twice the range of historical
conditions.

In recent years, three categories of environmental concerns have arisen regarding the operation
of Lake Okeechobee. First, extended periods of high lake levels stress the lake’s littoral zone,
which provides important fish and wildlife habitat. Second, insufficient water releases from
Lake Okeechobee to the Everglades have contributed to the deterioration of the Everglades
ecosystems. Third, high-water (regulatory) releases from the lake have contributed to ecological
deterioration in the Caloosahatchee and St. Lucie estuaries through salinity effects on these
sensitive ecosystems.

The U.S. Army Corps of Engineers (Corps) is conducting the Lake Okeechobee Regulation
Schedule Study (LORSS) to evaluate the feasibility of modifying the lake’s regulation schedule.
The purpose of the LORSS is to attempt to formulate alternative lake regulation schedules that
will reverse ecological damages while continuing to meet flood damage reduction and water
supply needs. The LORSS is being conducted in cooperation with the South Florida Water
Management District (SFWMD), the non-Federal sponsor.

In addition to the environmental, flood damage reduction, and urban and agricultural water
supply parameters, there are other considerations that enter into decision making regarding
management of Lake Okeechobee. These considerations include: (1) commercial navigation
across the Florida peninsula via the Lake Okeechobee Waterway, which includes Lake
Okeechobee, the Caloosahatchee River, and the St. Lucie Canal, (2) the lake’s extensive
recreational resources, which include a very popular sport fishery, and (3) commercial fishing on
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the lake. In addition, there is public concern that releases of fresh water to the Atlantic Ocean
and the Gulf of Mexico are a waste of scarce water resources in a state with increasing water
shortages.

1.1 PURPOSE OF THIS INVESTIGATION

This investigation explores the economic consequences of the four LORSS alternative regulation
schedules (i.e., lake management plans) and the current regulation schedule. This economic
evaluation will focus on agricultural and urban water supply, recreation, navigation, and
commercial fishing. Specifically, the differences between the with- and without-project future
conditions will be estimated to anticipate the effects of the alternative regulation schedules.
Economic effects will be presented in terms of both net national effects (National Economic
Development [NED]) and regional effects (Regional Economic Development [RED]). The
procedures for estimating NED and RED effects are described in the Economic and
Environmental Principles and Guidelines for Water and Related [.and Resources Implementation
Studies (22 April 2000) Engineering Regulation (ER) 1105-2-100(22 April 2000), and other
Corps planning guidance.

The goal of modifying the regulation schedule is to improve the health of the extensive littoral
zone of Lake Okeechobee while maintaining the authorized project purposes of flood damage
reduction and water supply. Economic justification of the revised operating schedule is not
required. However, the economic impacts of the proposed modification of the current schedule
are being estimated to aid Federal decision makers and the non-Federal sponsor in their
evaluation of the alternative regulation schedules and selection of the optimal plan.

The LORSS is being conducted in close coordination with the ongoing Central and Southern
Florida (C&SF) Comprehensive Review Study. The C&SF project is a system of levees, canals,
and water control structures designed to provide flood control, water supply, and other services
to south Florida. Lake Okeechobee is a critical element of this system. Although the C&SF
project has performed its intended purposes well, it has also contributed to the decline of the
south Florida ecosystem. In response to this decline, Congress authorized the C&SF study to
investigate structural and operational modifications to improve: (1) the quality of the
environment, (2) protection of aquifers, (3) urban and agricultural water supplies, and (4) other
water-related purposes.

1.2 STUDY AREA

The LORSS area consists of the 16-county jurisdictional area of the SFWMD (Figure 1-1). Lake
Okeechobee extends approximately 30 miles east to west and 33 miles north to south. It
encompasses approximately 730 square miles (427,000 acres) at lake elevation 15.5 feet (ft.)
National Geodetic Vertical Datum 1929 (NGVD), making it the second largest freshwater lake
within the contiguous United States (following Lake Michigan). Although Lake Okeechobee is
shallow (average depth is under ten feet) it holds an enormous amount of water, estimated at
5,106,000 acre-feet at the maximum stage under the current regulation schedule (18.5 ft.
NGVD). Lake Okeechobee is surrounded by the Herbert Hoover levee system which extends
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FIGURE 1-1
LORSS STUDY AREA

Orlande

Cities,
Counties
and
Basins

HIGHLARNDS
it =

T
SLADES

Pa LM
BEACH

CHA E"ll_'_g"lé-ra

HEMDEY

BROWARD

Big Cypress
| Basin

Ckeechobes
Basin

Source: South Florida Water Management District

LORS Draft SEIS August 2006
D-5



Appendix D Introduction

140 miles with an average elevation of 34 ft. NGVD. The effective limit for on water supply
withdrawals from the lake is 9.5 ft. NGVD due to physical limitations of the outlet structures. At
this stage, Lake Okeechobee retains an estimated 1,884,000 acre-feet of water that is considered
inaccessible for water supply purposes. As a result, the maximum available water reservoir
storage at 17.5 ft. NGVD would be 3,222,000 acre-feet.

The principal tributary to Lake Okeechobee is the Kissimmee River, which enters the lake from
the north. Other tributaries include: Taylor Creek, Nubbin Slough, Nicodemus Slough, and
Fisheating Creek. Water leaves Lake Okeechobee through four principal avenues. First, in the
south Florida climate, the lake loses tremendous amounts of water to evaporation, accounting for
as much as 70 percent of all water losses from the lake. Second, during high lake stages, water is
released eastward to the Atlantic Ocean via the St. Lucie canal. Similarly, high water releases
are also made westward to the Gulf of Mexico via the Caloosahatchee River. Finally, lake water
is released southward via a system of water supply structures and canals. Major water supply
conduits include: the Miami, North New River, Hillsboro, and West Palm Beach canals. These
canals convey water for: (1) agricultural uses in the Everglades Agricultural Area (EAA), (2)
agricultural and urban water uses in the eastern portions of Palm Beach, Dade, Broward, and
Monroe counties, and (3) the Everglades National Park (ENP) via the Water Conservation Areas
(WCAs) located southeast of Lake Okeechobee.

Since Lake Okeechobee is so critical to water management in south Florida, the study area
encompasses the jurisdictional area of the SFWMD, which includes the lake, its tributary basins
to the north, and all of south Florida. However, this analysis of the potential economic effects of
the alternative regulation schedules will focus on the water supply planning regions depicted in
Figure 1-2, since these areas will experience the majority of the economic effects of the
alternative regulation schedules. These areas include the Lake Okeechobee Service Area
(LOSA) and the Lower East Coast (LEC) of south Florida. These areas are designated by the
SFWMD’s South Florida Water Management Model (SFWMM). They include the five sub-
areas of the LOSA and the three urbanized service areas of the LEC. Referring to the sub-area
designations in Figure 1-2, the five LOSA sub-areas consist of: (1) northern Palm Beach County,
(2) the EAA which primarily lies within western Palm Beach County but also eastern Hendry
County, (3) the northern lake district, (4) the Caloosahatchee river basin, and (5) the St. Lucie
basin. The LOSA also includes two Seminole Indian reservations, Brighton and Big Cyprus,
which are not shown in Figure 1-2. The three LEC service areas primarily lie within Palm
Beach, Broward, and Dade counties, respectively. The water supply of Monroe County (not
shown in Figure 1-2) is primarily provided by wellfields in Dade County (SA3).
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FIGURE 1-2
LOSA AND LEC SERVICE AREAS
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1.4 ALTERNATIVE REGULATION SCHEDULES

Four alternative regulation schedules are currently being evaluated in order to identify the
optimal plan to balance the competing management objectives for Lake Okeechobee. Each
alternative regulation schedule stipulates the timing, magnitude, duration, and outlets for the
regulatory water releases. The regulatory schedules were primarily designed to manage the lake
when water levels are high. However, the regulation of high lake levels directly affects the
frequency and duration of intermediate and low lake levels, since they determine how much
water is stored in Lake Okeechobee during the wet season for use during the dry season.

Achieving an optimal regulation schedule is problematic for two principal reasons. First, the
large number of competing management objectives complicates the analysis. Second, the
climate of south Florida presents significant water management challenges. Distinct wet and dry
seasons (beginning in mid-May and mid-October, respectively) and the precipitation potential of
tropical storms must be included in all management decisions regarding Lake Okeechobee.

1.5 METHODOLOGY

There were three considerations that dominated the development of methodologies to evaluate
the economic effects of the alternative regulation schedules. First, the SFWMM provided a
powerful tool to evaluate the hydrologic and economic effects of the alternative schedules.
Second, to assess the effects of the alternative regulation schedules, the with- and without-project
future conditions must be compared. Third, some economic effects of the alternative schedules
must be estimated through economic interpretation of hydrologic and ecological effects of the
alternative plans. These considerations and the resultant methodologies used in this investigation
are discussed below. Additional information regarding the methodologies is provided in
subsequent chapters devoted to specific categories of potential economic effects of the
alternative regulation schedules.

1.5.1 South Florida Water Management Model

The SFWMM is the principal analytical tool being used in the LORSS to evaluate and compare
the hydrologic effects of the alternative regulation schedules. The SFWMM is a regional-scale,
continuous-simulation, hydrologic model that was developed by the SFWMD. It simulates the
hydrology and water management of southern Florida from Lake Okeechobee to Florida Bay.
As illustrated in Figure 1-3, the SFWMM spans a region that includes most of Florida south of
Lake Okeechobee. Of this region, 7,600 square miles are contained in a two-mile by two-mile
model grid which is used to simulate system-wide hydrologic responses to daily climatic
parameters (rainfall and evapotranspiration [ET]). While some tributaries to Lake Okeechobee,
such as the Kissimmee River, are included in the model, they are not simulated with the four
square-mile grid cells. Similarly, the Caloosahatchee and the St. Lucie basins, both part of the
LOSA, are not included in the grid. However, LOSA sub-areas to the east and south (i.e., the
EAA and northern Palm Beach County) are included in the grid. Northern Palm Beach County
(LOSA Sub-Area 1) is designated as LEC Service Area 4 in the SFWMM.

The SFWMM simulates infiltration, percolation, ET, surface and groundwater flows, levee
underseepage, canal-aquifer interaction, current or proposed water management structures, and
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current or proposed operation rules. The model does not allow for changes in land use/cover and
associated infrastructure for the simulation period. As a result, the simulations represent the
response of a fixed structural and operational scenario to historic climatic conditions. The
current version of the model includes climatic data from 1965-2000, allowing (over 11,000
sequential) daily simulations over a 36-year period.

The SFWMM is an operational model whose primary purpose is to assist the SFWMD in
optimizing water management and allocation decisions. The model was not designed to conduct
economic analysis, but does include many indicators of hydrologic change which can have
economic consequences. To assist in estimating the economic effects of water management
decisions, the SFWMD developed the Economic Post-Processor (EPP) to estimate the economic
effects of cutbacks in agricultural and urban water supply during drought periods. The EPP was
used in the LORSS economic analysis to estimate the impacts of the alternative regulation
schedules on agricultural and urban water supply.

1.5.2 Comparison of With and Without Conditions

The economic effects of the alternative regulation schedules were determined by comparing the
with-project conditions to the current regulation schedule (i.e., the without-project condition).
Using the SFWMM as the principal tool for evaluating the economic effects of alternative
regulation schedules required some practical modifications to the traditional analytical
procedures used in Corps water resource planning studies. In traditional feasibility studies, a
probabilistic analysis is conducted to forecast conditions throughout the planning period
(typically 50 years), both with and without implementation of a project. “Average annual”
economic impacts are estimated by evaluating a range of possible future conditions, weighting
the likelihood (i.e., probability) of these conditions by their economic effects, and then
statistically combining them. The difference between “average annual” with- and without-
project conditions constitutes the net annual economic impacts of the alternative plans.

This type of with- and without-project analysis had to be modified for the LORSS to account for
the limitations imposed by the SFWMM. As stated previously, the SFWMM is a simulation
model which equally weighs each of the days in the 36-year simulation period. It was not
practical to use the SFWMM to determine the likelihood of occurrence of any given hydrologic
event for two principal reasons. First, while the 36 years of past climate data are considered
representative of future climate conditions, they are of insufficient duration to assign frequencies
of occurrence to specific simulated hydrologic events (e.g., 25-, 50-, or 100-year return period
events). Second, the regional scale of the SFWMM greatly complicates the assignment of
frequencies to specific hydrologic conditions in the regional water management system.
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FIGURE 1-3
SFWMM BOUNDARIES

“ [ |
: Lake oLy
a2 Okeechobee L L1 1]
£t ] L
s M. Y 1
» A ™ =
a8, = K T
E N ~ I
a8 A [ 4 [ T I T 1
» T A 0 5 10 20
Ly T = Ei y h % 1 Miles
7 6N TP ]
[,
v {
- - I ﬂ -+
% - - 1 K R i
o ] i f‘ =
A i iy 4 AN
| ) '|~' ] N F - =
[WWaat,
— | A 3
5 marn
S
iy e Emre _E
Emm r-§- §
,, i
B = ] M
— 1. ks
—— K
== il
=] i I
OEP =S
T
=
- IO
[ £ T
o EREN
o " =1 1]
[ n B ]
= n e i —
s = -
E E 3 P Everglades
g . i Protection Area
: [ | Water Conservation Area 1
3 [ | Water Conservation Area 24
ERE I :1non-%tErCDn_Tmi.ﬂﬂArﬁ'ﬂ'23
- [ Water Conservation Area 3A
I Water Conservation Area 3B
- [ Everglades National Park
}} —— SFWMD Canals
A5
Source: South Florida Water Management District.
LORS Draft SEIS August 2006

D-10



Appendix D Introduction

1.5.3 Hydrologic Changes and Effects

Changing the regulation schedule for Lake Okeechobee has implications for water management
throughout south Florida. The most direct effects of the alternative schedules will be on lake
levels and on releases from the lake to the Everglades, to the LEC, and to tide via the
Caloosahatchee River and the St. Lucie Canal. The potential economic impacts of the alternative
regulation schedules are secondary consequences of hydrologic changes associated with the
schedules. Figure 1-4 traces the causal linkages between the alternative regulation schedules and
the different categories of economic effects.

Some categories of economic impact, such as urban and agricultural water supply effects, can be
estimated directly from SFWMM-simulated hydrologic changes associated with each alternative
regulation schedule plan. Other economic effects, such as commercial and recreational fishing
impacts in the St. Lucie and Caloosahatchee estuaries, are less directly linked to the hydrologic
changes resulting from the alternative regulation schedules. In this latter case, the chain of cause
and effect includes: the impacts of project-induced changes in water release rates, the impacts of
changes in release rates on the productivity of the fisheries, and the impacts of changes in the
fisheries on the net income of commercial fishing operations and the quality of recreational
fishing experiences. As will become evident throughout this analysis, these chains of cause and
effect have important consequences for quantification of the economic effects of the alternative
plans. Economic analyses cannot be applied to estimate the value of physical or ecological
impacts of the alternative plans if those impacts cannot first be defined and quantified.

1.6 PRIOR STUDIES

The Natural Resources Conservation Service (NRCS) conducted earlier studies that supported
this investigation. The NRCS was previously engaged in an interagency agreement with the
Corps to perform agricultural water supply impact analyses. NRCS personnel involved in the
interagency cooperation provided valuable information and insight for this study.

In addition, the SFWMD performed a series of analyses that served as inputs to this
investigation. These include the Simulation of Alternative Operational Schedules for Lake
Okeechobee (1998) and a series of SFWMM runs which used the economic post-processor to
simulate the economic effects of water supply shortages associated with the alternative
regulation schedules.
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2. AGRICULTURAL WATER SUPPLY
OVERVIEW

Agricultural activity in south Florida is concentrated in the EAA, to the south and east of Lake
Okeechobee; and in rural areas within the LEC, comprised of Dade, Broward, and Palm Beach
counties. Principal crops include sugarcane, vegetables, tropical fruit, citrus, sod, ornamental
plants, and nursery production. Agriculture in south Florida is supported by the region’s
abundant rainfall-approximately 59 inches along the LEC and approximately 49 inches in the
middle of the peninsula. Unfortunately, this rainfall is not distributed uniformly throughout the
year, since the region has distinct wet (May through September) and dry (October through April)
seasons.  During the dry season, and especially when precipitation is below normal
(i.e., droughts), supplemental irrigation is required for much of the region’s agriculture.

During droughts, agricultural water users have higher irrigation water demands, since ET is high
and soil moisture is depleted. However, during these periods of high water demand, water
supplies usually are at their lowest levels. Consequently, agricultural water users do not always
receive as much water as they would like. Irrigation water shortages can have negative
economic consequences for farmers, since water stress can reduce crop yields and can induce
crop mortality. Residential water users in urban areas of the LEC can also experience shortages
of irrigation water, which is needed for urban and suburban landscaping. These shortages can
also have negative economic consequences for landscaping and can result in diminished
aesthetics (i.e., brown lawns) and renovation or replacement costs for expired turf or ornamental
landscaping.

The LOSA, which includes the EAA, is more dependent on agricultural water supplies from
Lake Okeechobee than the LEC. During periods of normal rainfall, agricultural and urban water
users in the LEC do not require supplemental water from the lake. In addition to rainfall, the
LEC receives significant wellfield recharge via easterly seepage from the WCAs under the north-
south levee system which serves as a boundary between the LEC and the Everglades. However,
during prolonged drought events, significant volumes of water from Lake Okeechobee can be
required by the LEC to supplement local water supplies and to prevent saltwater intrusion into
wellfields.

The potential effects of the alternative regulation schedules on agriculture are based on the
magnitude and frequency of irrigation water shortages. The economic effects of the alternative
regulation schedules are the differences between the expected crop losses resulting from
agricultural water shortages under with- and without-project conditions.

2.1 AGRICULTURE IN THE LAKE OKEECHOBEE SERVICE AREA

As described in the following profile of south Florida agriculture, there is substantial agricultural
activity in the LOSA and the LEC. Two levels of detail are presented in this study regarding
land uses in the EAA (the largest area within the LOSA) and the LEC. Detailed information
about acreages and crop mixes from several sources is presented for the EAA and the LEC.
However, the estimates of agricultural land use for the with- and without-project conditions
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utilize less detailed and broader land use categories for the 2000 scenarios contained in the
SFWMM and EPP.

The use of broader land use categories in estimating economic effects reflects two practical
considerations: (1) the need to forecast future agricultural land uses and (2) the spatial resolution
of the SFWMM, which is the primary analytic tool for evaluating the alternative regulation
schedules. Agricultural land uses can be extremely difficult to forecast, since crop types can
change from year to year, and larger scale land use changes (such as the conversion of
agricultural land to urban and suburban uses) can occur rapidly as well. As a result, it is more
realistic to forecast future land uses with broad land use categories. Regarding the limitations of
the SFWMM, the four square-mile resolution of the model’s grid cells is coarse relative to the
assessment of agricultural water supply impacts of the LORSS alternative schedules. The model
was designed to simulate the hydrology of south Florida. Land use patterns in south Florida
represent static inputs to SFWMM hydrologic simulations. The hydrologic implications of
changes in land use can only be evaluated in this model by comparing the results of separate
simulations. The SFWMM land use estimates for 2000, which are utilized in this investigation,
are critical components in the analysis of with- and without-project conditions. They affect most
aspects of water management in south Florida, including the economic aspects. These estimates
were utilized by the economic post-processor in the runs conducted for this study and are
presented below.

Table 2-1 presents the acreages of irrigated agriculture in the sub-areas of the LOSA. As
indicated in this table, there are 742,668 acres of irrigated land in the LOSA. Agricultural
activities in the LOSA sub-areas are described below. See Figure 1-3 for the sizes and locations
of the sub-areas.

TABLE 2-1

LOSA IRRIGATED ACREAGE
LOSA Sub-Area Irrigated Acreage
1. EAA 541,878'
2. North Shore 13,3807
3. Caloosahatchee Basin 138,337°
4. St. Lucie Basin 49,073*
Total LOSA 742,668

Sources:
2. Hall, C.A. Lake Okeechobee Supply-Side Master Plan. SFWMD. 1991.
*: SFWMD. Long-Range Demands for the Caloosahatchee Basin. 1997.
* SFWMD. Long-Range Demands for the St. Lucie Basin. 1997.

2.1.1 Everglades Agricultural Area (EAA)
The EAA encompasses an area of approximately 593,000 acres. As indicated in Table 2-2, the
EAA contains approximately 542,000 acres under cultivation. Sugarcane is the dominant crop
type, accounting for 90 percent of the land under cultivation. The remaining 10 percent under
cultivation is occupied by rice, row crops, and sod. The row crops include corn, celery, radishes,
and lettuce.
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TABLE 2-2

AGRICULTURAL LAND USES IN THE EAA

Crop Acreage Percent of Total
Sugarcane 436,856 86.8%
Miscellaneous 18,514 3.7%
Row Crops 21,107 4.2%
Sod 26,912 5.3%
Total EAA 493,389 100%

Sources: Hendry and Palm Beach County Tax Appraisers, 2003
" IFAS Extension Agent, Palm Beach County.

The EAA is very well suited to sugar production. There are thick organic muck soils and
adequate water supplies from precipitation and from Lake Okeechobee via the EAA network of
water supply canals. Multiple crops can be harvested from a single planting. Planting typically
occurs in the autumn months. The planted cane will be ready for harvest in approximately 16
months. The root stock is left in place, and the first regrowth (i.e., ratoon) can be harvested
again in 11 months. Again, the root stock is left in place, and a second ratoon will be ready in
another 11 months. Some farms will harvest up to four ratoons, but yields decline with each
successive ratoon. As a result, many farmers replant after the second ratoon in order to keep
cane yields high.

The harvest season is from October to March. After harvesting the last ratoon, farmers must
decide whether to replant immediately or leave the field fallow until the following autumn. If
there is successive planting, more cane can be harvested the following year. However, if the
field is left fallow, yields would be higher once the field is replanted. Many farmers will balance
these competing incentives by replanting half of the field and leaving the other half fallow. For
this reason, Alvarez (1997) estimates that following crop distribution would be typical of many
sugarcane farms: plant cane (25%), first ratoon (25%), second ratoon (25%), fallow (12.5%),
and roads, canal, ditches (12.5%). Sugarcane grown in the EAA is converted into raw sugar at
the seven sugar mills found in the area. Sugarcane must be milled rapidly after it has been
harvested to avoid degradation of its sugar content. The raw sugar is then shipped to sugar
refineries located throughout the United States where it undergoes additional processing.

The EAA is not uniformly well suited to sugar production. In general, land that is closer to Lake
Okeechobee (i.e., more northern) is better suited for sugarcane than areas to the south. The areas
close to the lake are protected from frosts by the climatic influence of the lake. In addition, the
muck soils are deeper in the northern part of the EAA. Consequently, soil subsidence is not as
much of a problem as in areas with relatively shallow soils in the southern EAA. Subsidence
occurs when the land is drained and the organic soils begin to oxidize. The surface elevation of
the land subsides toward the underlying limestone bedrock. In some southern zones of the EAA,
subsidence has reduced the soil layer to less than six inches, the point at which farming is
typically no longer profitable. Another negative aspect of subsidence is that as the soil layer
thins, the soil chemistry changes, and the application of additional nutrients (i.e., fertilizer) is
required.
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Most of the non-sugar crops in the EAA are grown by farmers who also grow sugarcane. Many
farmers rotate their vegetable cultivation between celery and sweet corn; others rotate lettuce and
sweet corn. Sod is grown primarily in the southern portion of the EAA, an area of declining
suitability for sugarcane due to subsidence. Rice cultivation is small, but it could grow in
importance. Rice cultivation is being encouraged by the University of Florida’s Institute for
Food and Agricultural Science (IFAS) to retard soil subsidence. Rice production is also
recommended by the SFWMD as way to reduce phosphorus loading into the Everglades, since
rice requires less fertilizer than sugarcane. However, under prevailing market conditions rice
profitability is low relative to sugarcane.

The spatial resolution of the SFWMM is too coarse to fully reflect the above land use profile of
agriculture in the EAA. For example, the SFWMM assigns all of the EAA acreage to sugarcane
(i.e., all of the grid cells are designated as sugarcane), since the non-sugar crops in the EAA are
spatially diffuse and do not dominate a single grid cell. Therefore, only sugarcane is registered
under the model’s four square-mile grid cell resolution. As a result, the information in Table 2-2
is consistent with the SFWMM land use estimates of total acreage, but not acres devoted to
sugarcane cultivation. As will be evident later in this report, the model’s homogenization of
agriculture in the EAA has implications for the calculation of economic impacts of the
alternative regulation schedules.

The land use projections used in the SFWMM estimate that sugar cultivation (and perhaps
agriculture in general) in the EAA will decrease in the future, from 529,920 acres in 1990 to
491,520 acres by 2010. The projected decrease is due primarily to the SFWMD’s purchase of
agricultural land for Stormwater Treatment Areas (STAs), and perhaps to anticipated soil
subsidence as well.

2.1.2 Caloosahatchee and St. Lucie Basins and the North Shore
Agricultural land uses for the Caloosahatchee and St. Lucie basins are presented in Tables 2-3
and 2-4. The agricultural water needs in these basins that are not met with local sources are met
with water released from Lake Okeechobee into these two outlet waterways.  The
Caloosahatchee basin is an area of expanding agricultural activity with increasing agricultural
water demands. No land use data was available for the North Shore sub-area.

TABLE 2-3
AGRICULTURAL LAND USES IN THE CALOOSAHATCHEE BASIN
1997
Crop Acreage Percent of Total
Citrus 78,113 acres 56 %
Sugarcane 50,359 acres 36 %
Vegetables 8,091 acres 6 %
Sod 1,296 acres 1%
Ornamentals 478 acres <1%
Total 138,517 acres 100 %

Source: SFWMD. Draft Long-Range Demands for the Caloosahatchee Basin. 1997.
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TABLE 2-4
AGRICULTURAL LAND USES IN THE ST. LUCIE BASIN
1997
Crop Acreage Percent of Total
Citrus 43,071 acres 88 %
Vegetables 5,538 acres 11%
Sugar Cane 449 acres 1 %
Nursery 15 acres <0.1 %
Total 49,073 acres 100 %

Source: SFWMD. Draft Long-Range Demands for the St. Lucie Basin. 1997.

2.2 AGRICULTURE IN THE LOWER EAST COAST

The three service areas of the LEC also contain large areas of agriculture. Table 2-5 presents the
1990 and 2010 agricultural land use patterns contained in the SFWMM for the LEC service
areas, including northern Palm Beach County (SA-4). These values were extracted from the
SFWMM by the economic post-processor. The post-processor considers only those SFWMM
land use categories for which economic effects of water shortages can be generated. As
indicated in Table 2-5, the post-processor uses six broad categories of land use: urban, nursery,
golf courses, low-volume (LV) irrigated agriculture (such as citrus and avocado), overhead (OV)
irrigated agriculture (such as tomatoes), and other agriculture (including sod, sugarcane, and
rice). As suggested in this table, tomatoes are intended to represent truck vegetables grown with
OV irrigation systems. The categories of urban (turf) and golf (which is primarily suburban)
land uses are included because these lands are maintained with irrigation water that is
supplemented directly or indirectly with water from the regional water supply system. While
these two land uses are not agricultural, they will be included in the discussions of agricultural
water supply throughout this report.

2.3 AGRICULTURAL WATER MANAGEMENT DURING SHORTAGES

To estimate the potential damages associated with shortages in agricultural water supply, it is
necessary to understand how irrigation water supplies are managed during drought periods.
Agricultural water use during droughts is the result of regional decisions made by water
management institutions, such as the SFWMD, and local decisions made by water users,
including individual farmers. These two levels of water management decision making during
droughts are discussed below.

2.3.1 Regional Water Management
The SFWMD monitors hydrologic conditions throughout south Florida. Current hydrologic and
water use data is compared to historic data to determine: (1) whether present and anticipated
water supplies are sufficient to meet the present and anticipated needs of water users and
(2) whether serious harm to the region’s water resources can be expected, including saltwater
intrusion into freshwater aquifers or adverse fish and wildlife effects.
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Factors considered in estimating present and anticipated water supplies include:

Historic, current, and anticipated levels in surface and ground waters,
Historic, current, and anticipated flows in surface waters,

The extent to which water may be transferred from one source to another,
The extent to which water use restrictions might enhance supplies,
Historic, current, and anticipated demands of natural systems, and
Historic, current, and anticipated seasonal fluctuations in rainfall.

Factors considered in estimating present and anticipated water demands include:

Estimated current, and anticipated demands of permitted and exempt users,
Demands of users whose water supply is established by Federal law,
Anticipated seasonal fluctuations in user demands, and

The extent to which user demands may be met from other sources.

When the current or future water supplies are not expected to meet water demands, the SFWMD
may institute a series of progressively more severe conservation (demand management)
measures to conserve water supplies. The SFWMD developed the Water Shortage Plan in 1982
following a severe drought during which Lake Okeechobee reached its all-time record low level
of 9.75 ft. NGVD. The plan provides specific guidelines for water restrictions, which are based
on the type of use and the severity of the drought. Included within the plan are four
progressively more severe water shortage phases (I-IV) which initially request and later require
cutbacks in water use throughout south Florida. Included within the Water Shortage Plan are
water use reductions which are expected to range up to 15 percent of estimated demand under
Phase I and up to 60 percent of estimated demand under Phase I'V.

Shortage declarations by the SFWMD can be triggered by salinity intrusion into coastal aquifers
threatening utility wellfields or by low lake levels in Lake Okeechobee relative to seasonal
norms. The declarations are typically continued until it is clear that the imbalance between water
supplies and water demands is resolved, avoiding to the extent possible an on/off whipsaw of
shortage declarations.

If droughts are localized, the SFWMD will attempt to manage the regional water supply system
to move water from areas of surplus to areas of deficit. The shortage phase declarations can be
scaled to the municipal, utility, county, service area, or regional level commensurate with the
extent of the water shortage. For regional droughts, such as those triggered by low Lake
Okeechobee levels, the water shortage phases are instituted to reduce water demand on a system-
wide basis. To date, the specific use restrictions of the Water Shortage Plan have been invoked
three times: 1982, 1985, and 1989 (Hall, 1991).

The four phases of water supply shortages in the Water Shortage Plan stipulate cutbacks by
water users in the LEC, including agricultural water usage. However, the phased restrictions in
the Water Shortage Plan have not been applied to agriculture in the LOSA. Agricultural water
users in the LOSA are subject to SSM for Lake Okeechobee. The required agricultural water use
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restrictions of the Water Shortage Plan are assumed to have been met when LOSA water users
comply with Lake Okeechobee’s SSM plan.

During severe droughts, water levels in Lake Okeechobee drop as inflows are exceeded by water
losses from releases and evaporation. If water levels fall sufficiently, SSM is instituted for the
Lake Okeechobee. The amount of water available for use is a function of anticipated rainfall,
evaporation, and water needs (for the balance of the dry season) in relation to the amount of
water currently in storage. SSM begins when lake levels fall below the watch and warning levels
and enter Zone A. The upper limit of Zone A represents a storage amount sufficient to meet all
demands in the following year provided that all basins receive at least 100 percent of normal
rainfall during the year. Each of the zones represents storage levels with assigned probabilities
of shortage. For example, if the stage in the wet season is in Zone A or lower, the area has a 50
percent probability of a water shortage in the following winter and spring (i.e., dry season).

The SFWMM is used to calculate weekly water allocations for each agricultural water user in the
LOSA. Available water supplies are estimated based on lake levels and evaporation and rainfall
estimates. Allocations are then made by comparing normal water requirements with available
water supplies.

The SSM rules for the EAA are bounded by SFWMD policy which commits to supplying a
minimum of one-third of the supplemental irrigation needs for agriculture in this area. This
lower limit of agricultural water supply is reflected in the SFWMM. This policy may effectively
preclude crop mortality in the EAA during dry periods and limit drought effects on agriculture to
reduced crop yields.

2.3.2 Local Water Management

For each crop and irrigation method in the LEC, the water use of farmers is specified by the
Water Shortage Plan. Farmers in the LOSA have more flexibility in making water management
decisions. Under SSM, water allocations to agricultural users in the LOSA are progressively
cutback as shortages become more severe (Zones A to D). However, the SFWMD Governing
Board may allow agricultural users to borrow against their seasonal allocation in the first four
months of the dry season. The behavior of LOSA farmers in the face of water supply shortages
is based on the vulnerability of their particular crops to water stress and the value of those crops.
If plants do not receive sufficient moisture from precipitation or irrigation, particularly during
critical stages in the growing season, ET is reduced, and growth rates and yields can be
significantly affected. Some crops are more vulnerable to water stress than others. For example,
sugarcane is more tolerant to water stress than most vegetables. As a result of water stress, the
sugar content of the cane will be reduced, but the entire crop will not be lost. In fact, some sugar
farmers prefer dry conditions immediately prior to harvest, since it increases the sugar content of
the cane. Vegetables, on the other hand, can quickly suffer large yield effects and crop mortality
in response to stress from water shortages.

Changes in crop yield are a critical determinant of farm income and can induce changes in crop
mix or farming practices. For farmers in the EAA who grow sugar and vegetables, their decision
making during water shortages is based on expected crop-specific responses to water stress and
the relative value of each crop. Farmers will allocate water on their lands based upon the
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greatest marginal value of the scarce irrigation water. When water allocations from the regional
water system are reduced, farmers will typically give vegetables priority over sugar cane
(Scheneman, 1997), because of the sensitivity and value of vegetable crops. As a result,
vegetables and other non-sugar crops in the EAA are not expected to experience as great a
cutback during shortages, since sugarcane will be the primary recipient of irrigation cutbacks.

Interviews conducted with a variety of experts on EAA agriculture indicate that farmers will
generally borrow as much water as they can against their future allocation in order to fully satisfy
the water needs of their crops for as long as possible (Personal Communications: Alvarez, 1997,
Scheneman, 1997). Essentially, farmers in the EAA will accept the risk of extreme cutbacks
later in the season in order to meet their full irrigation needs early in the season. Farmers weigh
their present needs against their future needs with careful consideration. The type of crop,
timing during the growing season, and anticipated cutbacks are included in their decision
making. This risk-accepting behavior is supported by experience. During the 1981-1982
drought, widespread borrowing against seasonal water allocations by farmers in the EAA was
reinforced by above-normal rainfalls later in the growing season, mitigating the deferred impacts
of the drought (Hall, 1991). The SFWMD’s policy of meeting at least one-third of the
supplemental irrigation requirements of farmers in the EAA may give additional impetus for
farmers to borrow against their seasonal water allocations.

Reductions in delivery of water from Lake Okeechobee to south Florida agriculture may or may
not result in economic losses to farmers. The 1981-1982 experience cited above is testament to
this uncertainty. There are a variety of factors which determine the actual economic impacts of
shortages, including antecedent conditions, local precipitation during and after the cutbacks, crop
types, and the timing of the cutbacks with respect to the growing season. Interviews with LOSA
agricultural experts also suggest that farmers will not significantly modify their production
activities during shortages. When shortages do occur, the water stress associated with irrigation
cutbacks will result in yield reductions for the entire crop, since water stress will be uniform
across the entire irrigated area. Therefore, the unit costs of crop production will not change
significantly for different yield levels. Regardless of whether the crop is 100 percent, 80 percent,
or 50 percent of potential yield, the unit costs of crop production will be the same. As will be
evident later in this report, this has important implications for estimating the NED impacts of
agricultural water supply shortages resulting from the alternative regulation schedules.

2.4 ECONOMIC POST PROCESSOR DEVELOPMENT AND FUNCTION

The SFWMD has developed an EPP to assess the monetary effects of agricultural and municipal
and industrial (M&I) water supply shortages. The EPP, which is embedded in the SFWMM, was
designed to estimate the agricultural and M&I water supply impacts of physical or operational
changes in water management in south Florida, such as modifying the regulation schedule for
Lake Okeechobee. The utility of the EPP for estimating the potential economic effects of the
alternative regulation schedules is examined below.

The EPP was originally developed to estimate the benefits of structural and/or operational
improvements to the regional water supply system by monetizing the value of south Florida’s
unmet demands for agricultural and municipal & industrial (M&I) water supply. As illustrated
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in 1246Figure 2-4 and described below, the agricultural element of the EPP was developed
through a five-part process.

2.4.1 Development of the AFSIRS Model
The Agricultural Field Scale Irrigation Requirement Simulation (AFSIRS) was developed at the
Agricultural Engineering Department of the University of Florida (Smajstrla, 1990). This model
predicts water requirements for maximum crop yields. It does not predict crop yields, but
instead calculates the quantity and frequency of irrigation necessary to avoid water stress to
crops. The program contains the data necessary to model all of the commercially important
crops in Florida under various irrigation schemes and with a wide variety of soil types.

AFSIRS calculates irrigation requirements and ET rates as a function of crop type, soil type,
irrigation system, growing season, and climatic conditions. The model assumes that irrigation
requirements are met from the unsaturated zone through rainfall or supplemental irrigation. As
illustrated in Figure 2-4, the model draws upon four data files. The user specifies three sets of
input parameters for the agricultural plot: soils, crops, and irrigation systems. These inputs are
combined with time-series precipitation data and simulated potential and crop-specific ET and
potential ET PET) rates respectively. The model then calculates how much water is required by
the selected crop at a particular point in its growing season under specific soil and climatic
circumstances. AFSIRS has been successfully tested and applied in south Florida. The
SFWMM contains an AFSIRS module that is used to estimate daily water requirements of
irrigated agriculture in the LOSA and the LEC.

2.4.2 Modification of the AFSIRS Model for Drought Applications
Thompson and Lynne (1991) of IFAS modified the AFSIRS program for drought impact
analysis. Among the modifications made by Thompson and Lynne was the introduction of the
Stewart equation into the model. The Stewart equation relates the difference between actual ET
and PET to changes in crop yield. The logical basis for the Stewart equation is that plants reduce
their transpiration when they are water stressed, and this reduction is an indicator of stress-
induced effects on crop yield. The Stewart equation is as follows:

1 '(Yact/ Ymax) = B( 1 'ETact/ ETmax)

where:
Y act = actual crop yield per acre (simulated)
Y max = maximum crop yield per acre
B = crop specific output per irrigation level (Beta coefficient)
ET, = actual evapotranspiration per acre (simulated)
ET,.x = potential evapotranspiration (PET)
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According to Thompson and Lynne, the Stewart equation is widely accepted. The crop-specific
Beta coefficients (1), which relate water stress to crop yields, are based on research conducted
for the Food and Agricultural Organization of the United Nations (Doorenbos and Kassam,
1979). The Beta coefficients depend on the crop type and growth stage being modeled.
Thompson and Lynne caution users of this model that the Beta coefficients contained in the
program have been obtained from experimental data. For annual crops, single coefficients are
included in the model for four growth stages: early vegetative, flowering, yield formation, and
ripening. For perennials, it is more difficult to produce coefficients for specific growth periods.
For example, it is well known that citrus is sensitive to water shortages during flowering.
However, the actual flowering period will vary with climate and with soil moisture. This is
problematic for AFSIRS, since it calculates irrigation requirements using the calendar date as a
key to crop growth stage.

In the modified AFSIRS program, the user must specify actual yields (Ya) as a proportion of the
unconstrained yield (Ymax). The model uses the Stewart equation to simulate actual ET (ET,).
In the model, ET, is drawn from the unsaturated zone, and the water comes from rainfall or
supplemental irrigation. Precipitation estimates contained in the climatic data file are used by
the modified AFSIRS program to compute the supplemental irrigation required for the specified
crop yields.

Thompson and Lynne (1991) attempted to validate the modified AFSIRS program. This was
problematic however, since there were no subsequent agricultural droughts with which to
compare the model’s predictions. Instead, the model was tested against three crop-growth
models which have been tested extensively in north Florida. The modified AFSIRS model
generated results which were similar to the other models. Improvements were subsequently
made to the model during the calibration process.

2.4.3 Regression Analysis
The SFWMD used the modified AFSIRS to determine the functional relationships between
actual ET and PET, irrigation levels, and precipitation for a wide variety of crop and irrigation
schemes (March, 1996). This was done by performing a series of model runs, specifying a range

of different actual yields (Y ae): 100%, 75%, 60%, 50%, 40%, and 25%. This generated a series

of simulated ET, values. Regression equations were then computed to relate modeled monthly
ET to monthly PET, rainfall, and net irrigation. The general functional form of the regression
equations is double (natural) logarithmic:

In (ETj) = o+ In (PET;) + B, * In (Raadj;) + B; * In (Iradjju)

where:

ETjja = actual ET in month 1 of crop J on soil type k for yield level |

PET; = Modified Penman-Monteith potential ET in month 1

Raadj; = measured rainfall in month i

Iradjijq = simulated net irrigation in month 1 of crop j on soil type k at yield level 1
(Note: B; here are regression coefficients, not the crop output factors in the Stewart equation)
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2.4.4 Spreadsheet Prototype

The SFWMD developed a spreadsheet prototype of the EPP. During periods when available
irrigation water supplies are less than what the AFSIRS model predicts is necessary to support
maximum crop yields, the EPP estimates the potential reduction in agricultural revenues using
the functions described above. The lower crop yields estimated using the regression functions
are compared against maximum yields to determine changes in yield per acre. These values are
then multiplied by the number of acres to estimate changes in total crop outputs. Crop outputs
are multiplied by market prices to compute the potential revenue effects of water shortages.

2.4.5 Linkage to SFWMM
Once the spreadsheet prototype was successfully tested, the SFWMD embedded the EPP within
the SFWMM. The SFWMM outputs of PET, irrigation water supply, and precipitation were
combined with the land use profile (agricultural) for input to the EPP. The AFSIRS module
determines the irrigation requirements for specific crops in particular locations. When irrigation
water supply is insufficient to meet crop requirements, the EPP estimates the potential reduction
in total revenues which could result from water shortages.

2.5 EPP ASSESSMENT

The EPP model has some theoretical and experimental components. When the U.S. Department
of Agriculture (USDA), Natural Resources Conservation Service (NRCS) was supporting the
Corps in its attempt to estimate the effects of the alternative regulation schedules on agricultural
water supply, the staff considered using historical data to develop crop-specific relationships
between crop yields and irrigation water shortages. The NRCS reviewed the past 25 years of
agricultural water supply data available from the SFWMD and compared this information with
historic data on crop yields in south Florida. According to NRCS staff, there was only one
drought year during this period (i.e., 1982) when there was a significant shortage of irrigation
water in south Florida. During this year, crop yields were significantly lower than other years.
However, during this year there was also a freeze that resulted in substantial crop damage.
Unfortunately, it was not possible to distinguish the effects of the freeze from the effects of the
drought.

The EPP was reviewed to assess its suitability for estimating the NED effects of the LORSS
regulation schedule alternatives on agricultural water supply. All five developmental elements
illustrated in Figure 2-4 were examined. First, available AFSIRS documents were reviewed to
determine its purpose, function, assumptions, strengths, and shortcomings (Thompson and
Lynne, 1991). Second, a copy of the modified AFSIRS program for drought impact analysis was
obtained from the SFWMD, including input data files, a copy of the computer code, and
supporting documentation. Test runs of the modified program were made to evaluate program
inputs, function, and outputs. Third, the documentation of the regression analyses that were
conducted to develop the functional relationships between simulated ET,: and PET,
precipitation, and irrigation was reviewed. In addition, SFWMD personnel (Dr. Richard March)
involved in developing the EPP were interviewed. Fourth, the spreadsheet prototype of the EPP
was examined and tested to evaluate the logic underlying the calculation of the monetary effects
of agricultural water shortages. Finally, the draft documentation for the SFWMM was reviewed
to determine: (1) the outputs from the model used by the EPP and (2) the function of the
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AFSIRS module within the SFWMM. In addition, the output files from the EPP runs conducted
for this investigation were scrutinized to determine how the EPP interacts with the SFWMM.

Based upon our review of the EPP-related materials, the post-processor seems to be a logical and
practical approach to a difficult problem (i.e. estimating changes in crop yields and revenues
associated with irrigation water shortages). However, there are four categories of issues that
qualify the use of the economic post-processor. These issues do not preclude using the EPP to
estimate the NED effects of the regulation schedule alternatives on agricultural water supply, but
they qualify interpretation of its outputs.

2.5.1 Crop Response

The agricultural science that underlies the AFSIRS model is in its infancy. However, the
program has been tested by the SFWMD, and calibrated for use in the SFWMM. The Beta
coefficients used in the Stewart equation are less evolved and should be considered experimental
at this time. Additional research is needed to refine these coefficients. This research could
determine the sensitivity of crop yields and revenue effects to changes in Beta coefficients. The
most useful validation of the drought model would be to test it against empirical data from an
actual drought event.

It is unclear whether the yield reductions predicted by the modified AFSIRS model imply crop
mortality or, in the case of perennials (e.g., citrus), long-term damage that may affect future crop
yields. Crop mortality would probably be limited to severe water shortages, but these events
may comprise a significant share of potential revenue effects of water shortages. However, as
noted previously, the SFWMD has a policy that commits Lake Okeechobee water supplies
sufficient to meet at least one-third of the supplemental irrigation needs of EAA farmers. This
minimum irrigation level may prevent extensive crop mortality in the EAA during droughts.

2.5.2 Growing Season

The timing of agricultural water supply shortages during the growing season is a critical factor in
determining the extent and severity of potential crop losses. The difficulty of applying specific
Beta coefficients to particular growth stages was mentioned earlier. In the EPP, the user
specifies the start and end months for the growing season for each crop. The simulation of
revenue effects is based upon estimates of yield reductions that would result from water
shortages during the specified months. If the actual growing seasons are not well aligned with
the modeled growing seasons, the accuracy of the simulation could be compromised. The
climate of south Florida is problematic in this regard, since it allows more flexibility in planting
and harvesting than more northern climates.

There is an additional complication associated with crop rotation. As described previously, it has
been estimated that approximately 12.5 percent of the land under sugarcane cultivation is fallow
at any given time. If this is true, that would remove over 60,000 acres of sugarcane cultivation
from vulnerability to water shortages. The EPP does not take crop rotation into consideration
and therefore may overestimate the potential damages associated with water shortages. Land
rotation considerations might also be important for other crops, as well.
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2.5.3 SFWMM Constraints
The SFWMM provides tremendous analytical power for evaluating the regulation schedule
alternatives. However, there are some model-related constraints that affect its use in estimating
the economic effects of agricultural water shortages. First, the land use categories in the
SFWMM are broader than those used by the EPP. The AFSIRS program is able to accommodate
many different crop types and soil varieties not modeled in the SFWMM.

Second, the spatial resolution of the SFWMM model is too coarse to accurately assess the
agricultural impacts of the regulation schedule alternatives with great confidence. For example,
the SFWMM does not recognize crops other than sugar in the EAA, since none of the four
square-mile grid cells are dominated by non-sugar crops. In actuality, there are 40,000 acres of
non-sugar crops in the EAA.

In addition, the model presents a single value for soil depth in a grid cell. In the EAA, the depth
of the soil is a critical factor in assessing the drought vulnerability of sugarcane. A single value
(i.e., model node) for an area of four square miles may mask significant differences in drought
vulnerability for the same crop. Finally, the model must make assumptions about the behavior of
farmers in the LOSA during extended dry periods. The ability of farmers to borrow water early
in the dry season creates significant uncertainty regarding the timing and effects of water
shortages.

2.5.4 Prolonged Water Shortages

The EPP calculates crop yield effects on a monthly basis. For shortages of several months
duration, the EPP may overestimate the effects on crop yield and revenue because each month is
treated independently in the EPP. An example may best explain how an overestimate may occur.
If there was a water shortage of 20 percent during the first month of the shortage, crop yields
might be reduced by ten percent. If the same shortage persisted to the following month, the crop
yield effects would again be calculated at ten percent. At the end of the year, the shortage would
be tallied by the model as reducing crop yields by 20 percent. However, a 20 percent shortage
sustained over two months might actually result in less than a 20 percent reduction in annual
yield. Even if the ten percent value for the second month was correct, it should probably be
discounted (i.e., applied to the 90 percent of yield remaining after the first month of the
shortage). One possible way to address this issue would be to treat shortages with durations of
multiple months as a single event, evaluating the aggregate water shortage and applying that
percentage to the maximum crop yield.

2.6 POTENTIAL NED EFFECTS ON AGRICULTURAL WATER SUPPLY

The NED account should reflect changes in net farm income that are associated with reduced
agricultural water supply. According to the SFWMM analyses, the alternative regulation
schedules will have different effects on agricultural water supply in the study area and thereby
have different impacts on farm incomes. For the LORSS, the determination of NED effects on
agricultural water supply requires a four-part process. First, the available water supplies are
estimated for each alternative plan. Second, the supplies of the alternative plans are compared to
water demand forecasts to identify potential shortfalls in water deliveries. Third, identified
shortages are translated into dollar-value reductions in net farm income. Finally, the monetary
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costs of water supply shortages of each alternative plan are compared to the costs anticipated in
the absence of any action (i.e., comparing the with- and without-project conditions) to estimate
the net economic effects of the alternative plans. The first two steps have been accomplished in
the SFWMM using the model’s 36-years of daily simulations. The third and fourth steps are
addressed below.

2.6.1 Revenue And Income Effects

The economic effects of changes in agricultural water supply can be registered in the NED
account if there are resulting changes in either crop damages or land use. No land use effects are
anticipated for the Restudy, since implementation of any of the alternative restoration plans is
not expected to induce any changes in crop patterns. Therefore, the potential NED effects of
changes in agricultural water supply are estimated based upon expected changes in net farm
income during drought conditions. The NED account should include the net farm income effects
associated with changes in both revenues and production costs resulting from plan
implementation.

For sugarcane and non-sugar crops, the cost of crop inputs incurred over the course of the
growing season would not change during shortages. The potential income effects of water
shortages would therefore be derived from changes in harvesting and transportation (to
processing facilities) costs. For sugarcane, harvesting and transportation in the EAA are
conducted by the sugar mills, which then deduct these costs from their payments to the farmers
for the cane. Sugarcane harvesting costs would not be expected to change during shortages for
two reasons. First, while shortages would reduce sugarcane yields, it is assumed that the
SFWMD will provide sufficient irrigation water supplies to avoid crop mortality. As a result, the
same area would be harvested during shortages as during non-shortage periods, since sugarcane
is drought-tolerant. Second, since sugarcane harvesting is entirely mechanized, the combines
would harvest the same areas during shortages with costs identical to non-shortage periods.

Under water stress, sugarcane yields in terms of biomass are reduced. Consequently, reductions
in transportation costs to the sugar mills are expected. Given the relatively small shortage-
induced changes in transportation costs anticipated for sugarcane and the inherent difficulty in
quantifying them, it can be assumed for practical purposes that changes in farm revenues are
approximately equal to changes in farm income. However, the exclusion of changes in
sugarcane transportation costs during shortages may slightly exaggerate reductions in farm
income associated with water shortages.

For vegetables and other non-sugar crops in the EAA, the assumption that changes in revenue
equal changes in income is valid for other reasons. In the EAA, non-sugar crops such as rice,
sod, and truck vegetables are raised by sugar farmers as supplemental crops. Based upon
interviews with experts on EAA farm practices, it appears that during shortages, these crops
would have irrigation priority over sugarcane. These crops are high-value relative to cane, and
they are much more vulnerable to water shortages.

In the LEC, the assumption that changes in revenues would equal changes in income would not
be applicable to non-sugar crops (i.e., row crops and citrus). There would be some reductions in
harvesting costs, as well as reductions in transportation costs. However, most of the effects of
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agricultural water shortages in the LEC are associated with urban landscaping and golf land uses,
not commercial agriculture. Consequently, the assumption that changes in revenues equal
changes in farm income remains valid for agriculture in the LEC, as well as in the EAA.

2.6.2 Agricultural Water Supply in the EAA and LEC

Table 2-5 contains the SFWMM-simulated revenue (and income) effects on agriculture in the
EAA and LEC associated with the current regulation schedule and the five alternative schedules.
The values contained in this table represent the values of unmet demand for agricultural water
supply, translated into income losses using the EPP. The value of unmet demand is defined as
the difference between maximum possible yields under unconstrained water conditions and the
yields predicted by the model for each regulation schedule. Therefore, the higher the value of
unmet listed in the table, the greater the reduction in potential yields (and revenue losses)
imposed by each alternative. Alternative regulation schedules with lower unmet demands than
existing conditions indicated decreased crop losses (i.e., improved conditions).

The values in the table represent simulated income losses from agricultural water supply
shortages during the 36-year simulation period. The value includes the estimated demands not
met for urban (turf) and golf (turf) land uses, as well as agricultural crops. The average annual
values are arithmetic averages of total income effects distributed over the 36 years. As indicated
in this table, three of the alternative regulation schedules (Alternative 2A, 2A M and 4) result in
the greatest unmet demand for agricultural water beyond that of the current schedule. The other
two alternatives (1bs2 and 1bs2 m) are expected to meet agricultural water demands more
effectively.
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TABLE 2-5
VALUE OF UNMET DEMAND FOR AGRICULTURAL WATER SUPPLY EAA AND
LEC ($2005)
Total Average

Scenario Area 2000 Annual 2000
2007LORS EAA $1,435,118 $39,864
2007LORS SAIl $0 $0
2007LORS SA2 $0 $0
2007LORS SA3 $0 $0
2007LORS SA4 $0 $0
2007LORS Total $1,435,118 $39,864
1bs2 EAA $4.204,315 $76,922
1bs2 SAl $0 $0
1bs2 SA2 $0 $0
1bs2 SA3 $0 $0
1bs2 SA4 $0 $0
1bs2 Total $4,204,315 $76,922
1bs2 m EAA $4,482,064 $84.,637
1bs2 m SAl $0 $0
1622 m SA2 $0 $0
1bs2 m SA3 $0 $0
1bs2 m SA4 $0 $0
1bs2_m Total $4,482,064 $84,637
2a EAA $8,370,800 $192,657
2a SAl $0 $0
2a SA2 $0 $0
2a SA3 $0 $0
2a SA4 $0 $0
2a Total $8,370,800 $192,657
2a m EAA $9,240,759 $298,089
2a m SA1 $0 $0
2a m SA2 $0 $0
2a m SA3 $0 $0
2a m SA4 $0 $0
2a m Total $9,240,759 $298,089
4 EAA $6,511,896 $141,022
4 SAl $0 $0
4 SA2 $0 $0
4 SA3 $0 $0
4 SA4 $0 $0
4 Total $6,511,896 $141,022
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3. MUNICIPAL AND INDUSTRIAL WATER SUPPLY
OVERVIEW

The hydrologic effects of the alternative regulation schedules also have implications for M&lI
water supply. In the LORSS area, most of the M&I water use is in the three service areas of the
LEC. If water demands exceed supplies, shortages may result, and cutbacks may be imposed by
the SFWMD.

As outlined in the previous chapter, the SFWMD’s Water Shortage Plan curtails water use in
south Florida using a four-phase progression of increasingly severe restrictions: Phase I
(Moderate), Phase II (Severe), Phase III (Extreme), and Phase IV (Critical). Cutbacks in the first
two phases are primarily voluntary. In the more severe shortages (Phases III and IV), mandatory
use restrictions are imposed. The cutbacks imposed by the plan affect residential, commercial,
and industrial water users. The restrictions on M&I water use during shortages have associated
opportunity costs. The economic impacts of the alternative regulation schedules are the
differences between the without-project costs associated with the current regulation schedule and
the with-project costs associated with the alternative regulation schedules.

Whether voluntary or mandatory, shortages of M&I water supply (i.e., agricultural shortages)
can have significant economic implications. There may be direct costs associated with active
conservation measures (i.e., reducing water use during shortages), particularly for residential and
commercial water users who may experience opportunity costs as a result of reduced supplies,
affecting water-related activities such as watering lawns and washing cars. If shortages are
frequent, there may be M&I costs associated with developing new sources of supply, increased
treatment costs, and/or instituting passive water conservation measures (low-flow plumbing
fixtures) which reduce day-to-day water use. There may also be secondary effects, such as the
utility revenue losses that are experienced when M&I users reduce consumption during
shortages.

3.1 CONCEPTUAL APPROACHES TO M&I WATER SUPPLY EVALUATION

The alternative regulation schedules could potentially affect the frequency, severity, and duration
of M&I water shortages. The conceptual basis for evaluating the economic effects of changes in
M&I water supply associated with alternative plans is society’s willingness to pay (WTP) for the
increase in the value of goods and services attributable to the water supplied. The Corps’
planning guidance stipulates that where the price of water reflects its marginal cost, the price
should be used to calculate WTP for water supply (in this case, for the amount of water foregone
in the supply shortfall). In the absence of such direct measures of WTP, the effects of water
supply plans should instead be measured by the least cost alternative (LCA) to replace the
shortfall in supply

The LCA method is widely used in the Corps, given the difficulty of directly measuring WTP for
water supply. However, for the LORSS, WTP was selected as the primary approach to estimate
M&I water supply impacts for two principal reasons. The first reason concerns how M&I water
is supplied to users in the LEC. In the LEC service areas, M&I water is supplied to users by
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local utilities. The utilities draw upon local water resources (primarily groundwater) to meet
their customers’ needs. When shortages occur during prolonged dry periods, the utilities can
draw upon the regional water supply system to augment their supplies or the utilities can develop
supplemental sources of water. These supplemental sources include: (1) developing additional
well fields, (2) instituting more aggressive water conservation measures, or (3) tapping the deep
Floridan aquifer, treating this brackish water with reverse osmosis and blending it with water
from other sources.

The ability of local utilities to draw upon the regional system or tap local resources for
alternative sources of supply is not a practical alternative. The LCA for a utility during a
particular shortage would depend on the condition of the regional system. If the shortage was
localized, a utility might be able to draw freely upon the regional system, and supplemental
sources of supply would not be needed. However, if the water shortage was regional in nature,
then access to regional water supplies would be limited by widespread shortages and institutional
restrictions, limiting the ability of local water utilities to develop alternative sources of supply.

Table 3-1 presents a summary of recommendations prepared by the SEFWMD for the Draft Lower
East Coast Water Supply Master Plan (1997). These recommendations illustrate the type of
water supply measures that are considered to augment regional and local water supplies. The
SFWMD has prepared preliminary cost estimates for some of these measures. Since no capacity
estimates were prepared, estimates of unit cost are not available. In addition, the scale of the
measures and the uncertainty of their costs make LCA-based estimation of M&I water supply
effects impractical for the LORSS. Nevertheless, this information provides a context for
evaluating the output of the WTP approach.

The second reason that WTP was selected as the principal approach for calculating the economic
effects of M&I water shortages is based on ability of the EPP to estimate M&I water supply
effects of the alternative regulation schedules. The SFWMM runs conducted for this
investigation compared M&I water supply with demand. This requires a
disaggregation/distribution procedure that will account for spatial and sectoral uses, as well as
groundwater pumpage. In its 36-year simulations, the SFWMM estimated the location, severity,
and duration of M&I water supply shortages. It also simulated the frequency and phase of water
shortage declarations based on: (1) Lake Okeechobee levels and (2) salinity intrusion into
coastal aquifers (estimated using water surface elevations in monitoring wells). These outputs
from the SFWMM were then input to the EPP to calculate the economic effects of changes in the
level of M&I water supply for each alternative regulation schedule.

For each of the water shortage phases, the EPP estimates dollar damages from cutbacks based on
the WTP (in dollars per 1000 gallons) of regional M&I water consumers. The SFWMD
developed these public water supply loss values on the basis of a 1992 survey of M&I water
users in south Florida. The survey, which was conducted following a regional water shortages in
1989 and 1992, queried respondents” WTP for water under Phase III and Phase IV reductions.
SFWMD staff economists adjusted these values to estimate WTP values for Phases I and II and
inflated the WTP values for all four water shortage phases to reflect consumer surplus. The
water supply shortfalls in a given shortage phase are multiplied by the WTP associated with that
phase to determine the economic costs of the shortage. The values of the unmet water demands
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during M&I shortages are the basis for comparing the alternative regulation schedules against the
without-project future conditions.

TABLE 3-1
RECOMMENDATIONS OF THE
DRAFT LOWER EAST COAST WATER SUPPLY MASTER PLAN
Regional:
Water Resource Partnerships/Basin Level Planning
Alternative Water Supply Development
Regional Storage Recommendation
Modifications to SFWMD Regulatory Program: Permit Duration
Modifications to SFWMD Regulatory Program: Level of Certainty
Saltwater Intrusion Management
Floridan Aquifer Regional Model Development
Aquifer Storage and Recovery Working Group
East Coast Buffer/Water Preserve Areas
Lake Okeechobee Regulation Schedule
Funding Strategy
Northern Palm Beach County:
North Palm Beach County Water Management Plan
L-8 Option
Discharges to Lake Worth Lagoon via C-17
LEC-SA1:
Southeastern Palm Beach County Integrated Water Resource Plan
Regional Groundwater Aquifer ASR Pilot Project
Southeastern Lake Worth Drainage District Storage Feasibility Analysis
Site 1 Reservoir
Utility Well Field Expansion
LEC-SA2:
Coastal Broward County Integrated Water Resource Management Plan
Broward County Secondary Canals Recharge Network
Utility Well Field Expansion
LEC-SA3:
South Dade County Integrated Water Resource Management Plan
C-4 Structures
Utility Aquifer Storage and Recovery
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3.2 EVALUATION OF ALTERNATIVE REGULATION SCHEDULES

The NED costs of reductions in M&I water supply are the changes in the quantity or price of
delivered water over time between the with- and without-project conditions. The SFWMM runs
indicate that there will be unmet demand for M&I water supply under both existing and future
conditions for the current regulation schedule and the alternative regulation schedules. Table 3-2
summarizes the economic value of unmet demand for M&I water supply associated with the
current regulation schedule and the five alternative schedules under the 2000 scenario. As was
the case with agricultural water supply, the larger the value, the greater the losses/negative
effects associated with water shortages. Alternative regulation schedules with values larger than
the without project condition will worsen M&I water supply shortages. Alternatives with lower
values than the without project condition represent improvements (i.e., reductions in unmet
demand).

Average annual costs are included in this table, which were calculated as the arithmetic average
over the 36-year simulation period. The values in Table 3-2 represent the simulated dollar
amounts that M&I water users are willing to pay for water they want but do not receive during
water shortages.

In Summary, as is evident by Table 3-2, all alternatives perform the same and have identical
values of unmet demand.
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TABLE 3-2
VALUE OF UNMET DEMAND FOR M&I WATER SUPPLY (2000)
($2005)

Scenario Area Tot;(l)ol\él&l Ave'z\;z:gf Q‘)%gual
2007L0RS  SA! $59,341,000 $1,648,361
2007LORS  SA2  $153,523,000 $4,264,528
2007LORS  SA3  $108,622,000 $3,017,278
2007LORS  SA4 $9,091,000 $252,528
2007LORS  Total  $330,557,000 $9,182,695

Lhso* SA1 $3,811,000 $105,861
1bs2* SA2 $4,668,000 $129,667
1bs2* SA3 $6,957,000 $193,250
1bs2* SA4 $616,000 $17,111
1bs2* Total  $16,052,000 $445.889
1bs2_m* SAI $3,811,000 $105,861
1bs2_m* SA2 $4,668,000 $129,667
1bs2_m* SA3 $6,957,000 $193,250
1bs2_m* SA4 $616,000 $17,111
Ibs2 m*  Total  $16,052,000 $445,889
og¥ SA1 $3,811,000 $105,861
2a* SA2 $4,668,000 $129,667
2a* SA3 $6,957,000 $193,250
2a* SA4 $616,000 $17,111
2a* Total  $16,052,000 $445,889
2a m* SA1 $3,811,000 $105,861
2a_m* SA2 $4,668,000 $129,667
2a_m* SA3 $6,957,000 $193,250
2a_m* SA4 $616,000 $17,111
2a_m* Total  $16,052,000 $445,889
4% SA1 $3,811,000 $105,861
4* SA2 $4,668,000 $129,667
4% SA3 $6,957,000 $193,250
4% SA4 $616,000 $17,111
4% Total  $16,052,000 $445,889

* Indicates the change in unmet demand from the base (2007LORS) to the alternative
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4. COMMERCIAL NAVIGATION
OVERVIEW

The purpose of this chapter is to evaluate the potential impact of alternative regulation schedules
on commercial navigation in the Lake Okeechobee Waterway, which consists of Lake
Okeechobee, the Caloosahatchee River, and the St. Lucie Canal. The alternative regulation
schedules were designed to have different effects on water levels in Lake Okeechobee. The
potential impacts on commercial navigation are based on associated changes in the frequency of
low water events from the current plan, 07LORS, to each alternative. If some portion of the
commercial vessel fleet draws all of the waterway’s authorized depths, reduced lake stages may
prohibit passage of those vessels, delay their passage, or induce reductions in their loads. These
impacts could have economic impacts on the shippers or the commodities being transported.

As shown in Table 4-1, there are some differences in the frequency of events among the
alternative regulation schedules and the 2007 LORS (07LORS) schedule. In the 36-years of
record simulations, the model estimated that there would be one additional time that the lake
stage is below 12 feet for more than 365 days between the 07LORS without-project condition
schedule and each alternative. The number of years that the lake stage is below 11 feet for
greater than 100 consecutive days over the 36-year simulation resulted in each of the alternative
regulation schedules having more of these low-water years. The number of days that lake stage
is below 12.56 feet over the 36-year simulation for each alternative is greater than the 07LORS
alternative. The assessment of commercial navigation impacts will be based on the differences
between the current regulation schedule (07LORS) and each of the four alternative regulation
schedules for the three performance measures shown in Table 4-1. Based on these performance
measures, ranking the alternatives from least to worst impact on commercial navigation would be
as follows: (1) 07LORS; (2) 1bS2-A; (3) 1bS2-m; (4) 4-A; (5) 2a-B; and (6) 2a-m.

4.1 PHYSICAL FEATURES OF THE WATERWAY

The Lake Okeechobee Waterway was completed in 1937 and includes 154 miles of navigation
channel and five lock structures linking Stuart on the Atlantic Ocean with Ft. Myers on the Gulf
of Mexico. The five lock and dams (from west to east) are: W.P. Franklin, Ortona, and Moore
Haven on the Caloosahatchee River; and Port Mayaca and St. Lucie on the St. Lucie Canal. The
Moore Haven and Port Mayaca locks connect Lake Okeechobee with the Caloosahatchee River
and St. Lucie Canal, respectively. Using the locks to designate waterway reaches, the channel
dimensions of the Lake Okeechobee Waterway at lake elevation 12.56 ft. NGVD are presented
in Table 4-2. As indicated in this table and Figure 4-1, there are two routes from Port Mayaca on
Lake Okeechobee’s eastern shore to Clewiston on the southwestern shore. Route 1, which cuts
across the lake, has an authorized channel depth of eight feet. However, due to one and a half
feet of shoaling in the lake just west of Port Mayaca Lock, at the 12.56 feet lake stage navigation
depth is now equivalent to six and a half feet. Route 2, which hugs the eastern shoreline, is
known as the rim canal. This route has a shallower authorized channel of six feet and is longer
than Route 1, but it is more sheltered. However, due to the one and a half feet of shoaling, at the
12.56 feet lake stage, the navigation depth is now equivalent to four and a half feet. The shallow
depths of Lake Okeechobee can induce severe wave conditions on the lake that are
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disproportionate to wind velocities. During inclement weather, the rim canal is the preferred
route between Clewiston and Port Mayaca.

TABLE 4-1
COMMERCIAL NAVIGATION
SIMULATED NUMBER OF UNDESIRABLE LOW LAKE STAGE EVENTS

07LORS Alt 1bS2- Alt Alt 4-A Alt 2a-B Alt 2a-m
A 1bS2-m
Number of times 1 2 2 2 2 2

lake stage below

12 feet for more

than 365 days

Number of year 3 7 7 8 9 9
lake stage below

11 feet over 100

days

Number of days 2577 4809 4842 4841 5141 5776
lake stage < 12.56’

% Increase in 16.9% 17.2% 17.2% 19.5% 24.3%

number of days
over 36 Years

TABLE 4-2
CHANNEL DIMENSIONS LAKE OKEECHOBEE WATERWAY

Channel
Waterway Reach Dimensions Length of Reach
Atlantic Intracoastal to St. Lucie Lock outside project limits 15.1 miles
St. Lucie Lock to Port Mayaca Lock 8’ x 100° 23.7 miles
Port Mayaca Lock to Clewiston (rim canal) 6’ x 100’ 39.5 miles
Port Mayaca Lock to Clewiston (open lake) 8’ x 100’ 28.5 miles
Clewiston to Moore Haven Lock (rim canal) 8" x 80’ 10.5 miles
Moore Haven Lock to Ortona Lock 8 x 90’ 15.5 miles
Ortona Lock to W.P. Franklin Lock 8 x 90 27.9 miles
W.P. Franklin to Gulf Intracoastal outside project limits 33.2 miles
TOTAL 154.4 miles (open lake)

165.4 miles (rim canal)

The depth of this waterway is controlled by managing lake levels; no maintenance dredging is
conducted for this waterway. Consequently, lake levels above (or below) 12.56 ft. NGVD will
result in a corresponding increase (or decrease) in channel depths. Navigation depths are
computed by subtracting 12.56 feet from the lake elevation and then adding six and a half feet
for Route 1 and four and a half feet for Route 2. For example, at a lake level of 11 ft. NGVD the
channel depth would be 4.94 ft. NGVD (11.00-12.56+6.50) in the open lake and 2.94 ft. NGVD
(11.00-12.56+4.50) in the rim canal.
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There are five locks on the Lake Okeechobee Waterway, all operated by the Corps. Three locks
are located on the Caloosahatchee River: the Moore Haven Lock on Lake Okeechobee (R.M.
78), the W.P. Franklin Lock and Dam (R.M. 122) between Tice and La Belle, and the Ortona
Lock (R.M. 93.6). In addition, there are two locks on the St. Lucie Canal: the Port Mayaca
Lock on the lake’s eastern shore (R.M. 38.5) and the St. Lucie Lock (R.M. 15.3) near Interstate
95 (1-95).

Table 4-3 presents the lock dimensions for the five locks and dams on the Lake Okeechobee
Waterway. The elevation of the bottom of Lake Okeechobee is approximately equal to sea level.
As a result, with a lake elevation at 15.5 ft. NGVD, the Caloosahatchee and St. Lucie locks
would have a combined lift of approximately 15.5 feet and 14.5 feet, respectively. The
difference is explained by the Caloosahatchee locks releasing further inland (upstream) from the
coast than the St. Lucie locks. Three of the locks have head differences of several feet.
However, two locks have significantly larger head differences. Ortona Lock has a head
difference of approximately eight feet, and St. Lucie typically has lift elevations in excess of
13 feet. The chamber depths of the five locks depend on the lock head. At the lowest
operational levels, the chambers would have depths far in excess of the authorized project
depths. Therefore, the lock chambers do not constitute depth constraints to waterway traffic
under conceivable circumstances.

TABLE 4-3
LOCK DIMENSIONS
LAKE OKEECHOBEE WATERWAY

Lock Dimensions (feet)
St. Lucie 50’ x 250°
Port Mayaca 56’ x 400
Moore Haven 50’ x 250°
Ortona 50’ x 250°
W.P. Franklin 56’ x 400’

4.2 WATERWAY OPERATION

As previously discussed, the Caloosahatchee River and the St. Lucie Canal are primary outlets
for Lake Okeechobee and critical components of the Lake Okeechobee Waterway. The locks
and dams are operated in a manner that supports commercial navigation as well as other project
objectives. Each of the locks and dams has a spillway that can be used for the lake’s regulatory
releases. The spillways and the locks release freshwater downstream and eventually into the
Gulf of Mexico and the Atlantic Ocean. Releases are carefully controlled to regulate lake levels,
maintain adequate depths for navigation in the two outlet waterways, and minimize salinity
impacts on the two receiving estuaries.

Water is typically released through the Caloosahatchee River before the St. Lucie Canal for two
reasons. First, freshwater releases to the St. Lucie Canal are limited due to ecological effects of
freshwater releases on the estuary. Second, the water treatment facility for the town of Olga is
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located in the Caloosahatchee reach between the W.P. Franklin and Ortona locks. The plant is
not allowed to discharge chloride-treated effluent to the river if chloride concentrations in the
receiving waters are in excess of 250 parts per million (ppm). The three Caloosahatchee locks
and dams are typically operated to keep salinity in this river reach low enough to receive the
plant effluent. Since the Caloosahatchee River downstream of W.P. Franklin is tidal, this
involves a continual release of freshwater from Lake Okeechobee. In addition, the lock
operators will occasionally flush the waterway to remove algae and to restore dissolved oxygen
levels. In the St. Lucie Canal, the St. Lucie Lock is the main interface between Lake
Okeechobee and the Atlantic Ocean. When the lake level is below 14 ft. NGVD, the Port
Mayaca Lock is opened, and water levels for the reach from Lake Okeechobee to the St. Lucie
lock are controlled by lake levels.

During water shortages, the operation of the Lake Okeechobee Waterway is altered. In all four
phases of the SFWMD’s Water Shortage Plan, lock operations can be restricted to conserve
water in Lake Okeechobee and maintain acceptable salinity concentrations in the estuaries
downstream of the locks. The operation of the W.P. Franklin Lock is a particular focus of the
plan. Under the Plan, the SFWMD will request the Corps to limit lockages at W.P. Franklin to
once every four hours once a week if chloride concentrations at the lock exceed 180 ppm and a
rainfall event in excess of one inch in 24 hours is not predicted in the surface water use basin
within the next 48 hours. If these restrictions are insufficient to reach the salinity target at
W.P. Franklin, the SFWMD can then request the Corps to restrict lockages to once every four
hours, twice per week. If these additional measures are insufficient, the SFWMD can request
that the Corps prohibit lockages.

4.3 COMMERCIAL WATERWAY USE

Table 4-4 provides a summary of the net short tons of freight traffic traversing the Lake
Okeechobee Waterway from 1986 through 2004. Commercial navigation on this waterway was
relatively stable from 1987 through 2000 with substantial variability year to year. However,
there has been a serious decline in freight traffic (net short tons) since 2001. As shown in Table
4-4, the Lake Okeechobee Waterway was used to transport 728,000 net short tons with
2,445 trips in 2000 and only 384,000 net short tons with 2,157 trips in 2001. In 2001,
commercial net short tons dropped by 47 percent, but the number of commercial trips only
decreased by 12 percent. At the same time, there was a dramatic decrease in the total number of
vessels going through the locks from 2000 (52,174) to 2001 (25,036) (these numbers include
recreation vessels). From 2001 to 2002, the number of trips as well as the net short tons dropped
drastically from 2,157 to 254 trips and 384,000 to 36,446 net short tons. These low numbers
continued through 2004 with 142 trips and 332 net short tons of freight. The Jacksonville Lock
and Dam Supervisor, Mark Abshire, estimates that over 99 percent of the commercial traffic only
uses either W.P. Franklin Lock or St. Lucie Lock or traverse the waterway without using any
locks. Therefore, when lock restrictions occurred during the drought of record in 2001, the
delays did not deter the commercial activity whereas recreational navigation and the estimated
less than one percent of commercial traffic, like commercial yacht delivery vessels and
commercial fishing boats, that cross Lake Okeechobee and use more than one lock were
negatively impacted.
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TABLE 4-4
FREIGHT TRAFFIC, 1986-2004
Lake Okeechobee Waterway

Year Net Short Tons
1986 1,320,000
1987 676,000
1988 696,000
1989 680,000
1990 665,000
1991 718,000
1992 753,000
1993 832,000
1994 662,000
1995 430,000
1996 409,000
1997 560,000
1998 893,000
1999 850,000
2000 728,000
2001 384,000
2002 36,000
2003 12,000
2004 332

Source: U.S. Army Corps of Engineers, Waterborne Commerce of the United States, 2006.

Table 4-5, which contains statistics from Waterborne Commerce of the United States, indicates
that petroleum products comprised the overwhelming majority of tonnage shipped in years past.
Petroleum products included distillate fuel oil, residual fuel oil, and liquid natural gas. Fuel oil
shipments averaged approximately 600,000 tons from 1987-2000 peaking in 1998 at 847,000
tons. All shipments were delivered to the Fort Myers oil-fired electrical generating plant. On an
annual basis, fuel oil deliveries from Charlotte Harbor, Florida to Florida Power and Light
Company’s plant at Fort Myers have accounted for 88 to 99 percent of all commercial
waterborne commerce from 1987-2000. These shipments did not pass through any of the Corps
locks on the Okeechobee Waterway. Florida Power and Light Company’s Fort Myers power
plant completed a re-powering in 2002. Re-powering at this plant involves the conversion from
oil-fired boiler technology to natural gas-fired, combined-cycle technology. Pipelines of the
Florida Gas Transmission Company supply the natural gas. As a result, in 2004, there were no
petroleum products transported on the Caloosahatchee. This explains the majority of the drastic
decline in net short tons from 2001 to 2002 through 2004.
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TABLE 4-5
FREIGHT TRAFFIC, 2000-2004
Lake Okeechobee Waterway
Total Trips and Net Short Tons by Commodity

Commodity 2000 2001 2002 2003 2004
Total Trips 2,445 2,157 254 221 142
All Commodities 728,000 384,000 36,446 12,451 332
Petroleum Products 706,000 379,000 32,780 12,423 0
Primary - Manufactured 4 9 2000 2,990 0 300
Goods

Crude Materials 2,000 1,000 0 0 0
Manufactured Equipment,

Machinery & Products 5,000 2,000 676 28 32
Ton-Miles (000’s) 16,197 9,703 3,272 501 46

Source: U.S. Army Corps of Engineers, Waterborne Commerce of the United States, 2004.

The lock operators maintain records of the lock operations, including the general characteristics
of vessels passing through the locks. These data are compiled in a national database, the Lock
Performance Monitoring System (LPMS). This database is maintained by the Navigation Data
Center at the Corps of Engineers Water Resources Support Center in Washington. D.C.

Data from the LPMS includes characteristics of the commerce vessels used on the waterway.
Table 4-6 summarizes the LPMS vessel profiles for the Lake Okeechobee Waterway locks for
2001. The lock data contains information about recreational boats passing through the locks, as
well as commercial traffic.

The number of commercial vessels passing through the locks in 2001 range from 31 to 219 for
Ortona and the St. Lucie locks, respectively. The average number of barges per tow is small,
ranging from 1.0 to 2.2 for St. Lucie and Moore Haven locks, respectively. The relatively light
volume of traffic and the small tow sizes explain the minimal delays at the waterway locks.

Additional data on the commercial vessels using the Lake Okeechobee Waterway is provided in
Table 4-7, which presents Florida state vessel registrations for the counties surrounding Lake
Okeechobee. This table includes commercial and recreational vessels by length class. The
vessels in this table are primarily small, recreational craft. However, there are larger commercial
vessels as well. There is a small but viable fleet of day/dinner cruise vessels that operate during
the tourist season from Pahokee, on the eastern shore of Lake Okeechobee, and from Ft. Myers.
These vessels have relatively shallow drafts, in the range of four to five feet. The smaller
commercial craft may be
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TABLE 4-6
VESSEL PROFILES
LAKE OKEECHOBEE WATERWAY LOCKAGES
January — December 2001

Vessels Barges Tons

Total Recreation Tows Other | Total Loaded Empty Total (000)
St. Lucie
Upbound 2387 2265 107 15 108 59 49 2495 7
Downbound 1904 1780 112 12 114 82 32 2018 13
Total 4291 4045 219 27 222 141 81 4513 20
Port Mayaca
Upbound 2857 2816 17 24 23 13 10 2880 2
Downbound 2348 2314 17 17 20 12 8 2368 2
Total 5205 5130 34 41 43 25 18 5248 4
Moore Haven
Upbound 2270 2216 19 35 42 32 10 2312 3
Downbound 2669 2618 19 32 40 34 6 2709
Total 4939 4834 38 67 82 66 16 5021 7
Ortona
Upbound 1877 1848 12 17 20 17 3 1897
Downbound 2288 2251 19 18 23 18 5 2311
Total 4165 4099 31 35 43 35 8 4208
W.P. Franklin
Upbound 3014 2993 17 4 21 11 10 3035
Downbound 3424 3398 17 9 22 16 6 3446 2
Total 6438 6391 34 13 43 27 16 6481 4
Total 25,038 24,499 356 183 433 294 139 25,471

Source: U.S. Army Corps of Engineers, Lock Performance Monitoring System, 2001.

fishing boats associated with marinas or fish camps on Lake Okeechobee. These operations rent
fishing boats and offer guide services as well. The vessel registration information in Table 4-7
must be interpreted with caution for two reasons. First, Palm Beach and Martin Counties are
coastal counties with potential vessel registrations for the Lake Okeechobee Waterway and the
Atlantic Ocean. Second, the county of registration may not necessarily be the same as the county
of operation.
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TABLE 4-7
VESSEL REGISTRATIONS
LAKE OKEECHOBEE COUNTIES

2005
Palm

Class Length Type Glades Hendry Martin  Okeechobee Beach Total
Class A-1 12 Pleasure . 106 445 2,223 430 8,752 11,569
Commercial 6 6 11 11 76 110
Class A2 12-1511" Pleasure . 389 752 2,277 1,433 6,009 10,860
Commercial 31 26 67 73 169 366
Class 1 16-25'1 1" Pleasure ' 903 1,475 9,126 3,853 21,660 37,017
Commercial 35 72 297 96 514 1,014
Class 2 26391 1" Pleasure . 30 267 2,547 119 5,962 8,925
Commercial 1 22 109 6 213 351
Class 3 40-64'11" Pleasure ' 16 78 457 9 1,128 1,688
Commercial 0 4 43 0 80 127
Class 4 65-109'11" Pleasure . 0 0 28 1 102 131
Commercial 0 0 5 0 15 20
Class 5 ~110 Pleasure ' 0 0 0 5 6
Commercial 0 0 0 0 0 0
Pleasure 10 19 96 18 245 388

Canoes -
Commercial 0 0 0 0 2 2
Sub-total Pleasure 1,438 3,036 16,755 5,863 43,863 70,971
Sub-total Commercial 73 130 532 186 1,069 1,990
TOTAL 1,511 3,166 17,287 6,049 44,932 72,961

Source: Bureau of Vessel Titles and Registrations, Florida Department of Highway Safety and Motor Vehicle. 2005.

4.4 EVALUATION OF ALTERNATIVE REGULATION SCHEDULES

The economic effects on commercial navigation are the changes in the value of resources
required to transport commodities and the increase in the value of output from these goods and
services. Changes in transportation costs may stem from changes in: (1) the vessel fleet used on
the waterways, (2) efficiency in the use of existing vessels, (3) transit time, (4) origin-destination
patterns, (5) cargo handling, (6) tug assistance, and (7) use of waterborne transportation, rather
than competing modes. The NED effects include the costs of resources, impacts on net income,
and operating costs.

The statistics on waterborne commerce and vessels on the Lake Okeechobee Waterway were
complemented by extensive field research in the December 1998 LORSS economic evaluation.
This research included interviews with: (1) lockmasters of each lock, (2) waterway users,
(3) waterway interest groups, and (4) Corps operations personnel involved with the Lake
Okeechobee Waterway project. These interviews solicited opinions regarding the potential
navigation impacts from changes in the LORS. In addition, the waterway was traversed as part
of this field research to identify the sensitivity of commercial navigation to changes in lake
levels. This included taking spot soundings to assess channel conditions and evaluating aids to
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navigation. Follow-up telephone conversations were conducted for this economic evaluation.
The findings are highlighted below.

4.4.1 Commercial Traffic

Based on information from the lockmasters, there are no commercial shipping lines that regularly
pass through the Lake Okeechobee waterway. As a result, there is no fleet of regular commercial
waterway users, and there is no regular routing of commodity shipments through the waterway.
The commercial traffic consists of special barge shipments that are taking advantage of the
shortcut across the peninsula, which can save three and one half days of travel. In some cases,
deep-draft tugs transfer the tows to shallow-draft tugs for passage through the Lake Okeechobee
Waterway.

In the absence of an established fleet of vessels using the waterway, the analysis of commercial
navigation must depend on records of the ad hoc shipments collected as part of the waterborne
commerce statistics and the LPMS. It was beyond the scope of this investigation to collect
primary data by identifying and interviewing shippers who may use this waterway regarding
waterway navigation and their decision-making regarding vessels and origin-destination patterns.

The absence of regular vessel traffic through the Lake Okeechobee Waterway combined with the
historic profiles of commodities and vessels suggest that commercial navigation on this
waterway is and will be at a minimum. With the absence of regular vessel traffic, data is not
available to estimate how the fleet of commercial vessels using the waterway might change with
the modification of the lake regulation schedule relative to the existing schedule. However, very
little change, if any, would be expected, since the differences between the stage-duration curves
of the existing condition and new alternatives are relatively small and there is no dedicated fleet.

4.4.2 Groundings

Interviews held with the lockmasters and Corps operations personnel suggested that when lake
levels are below 12 ft. NGVD, the frequency of vessel groundings increases. While the problem
is most severe for recreational vessels, commercial traffic is subject to groundings, as well. In
general, groundings occur when vessels do not stay in the channel. Since most commercial
vessels will endeavor to remain in the channel, groundings are less of a problem for commercial
vessels than recreational craft. However, at very low lake levels, the authorized channel depths
cannot be maintained. Under these circumstances, the Coast Guard will install temporary
markers to keep vessels in deep water within the channels. The Coast Guard will also issue a
Notice to Mariners warning commercial and recreational navigators about the reduced channel
depths.

Of particular concern are two shoal areas that pose hazards to vessels that have drafts close to the
authorized channel depth. During average and high lake levels these shoals are not a threat to
commercial navigation, but during low lake stages shoals can be problematic. In particular, there
is a rock shelf on Route 2 near Port Mayaca lock and Rocky Reef on Route 1 near Clewiston that
are hazardous. At Port Mayaca, the shoal allegedly has only six and one half feet of water at
lake level 12.56 ft. NGVD, and the Clewiston entrance allegedly has four and one half feet of
water at the same lake level.
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As lake levels decline, there is less margin for error. Commercial vessels that stray outside of
the channel for any reason can run aground. Rocky Reef on Route 1 near Clewiston is
particularly unforgiving of errors. Much of Lake Okeechobee’s bottom is soft, but running
aground at this location could cause severe damage to vessels. For commercial traffic, it can be
particularly challenging to stay in the smaller channel during low lake levels due to the wave and
wind action for which Lake Okeechobee is famous. The lower lake levels compound problems
with waves since the shallower depths exacerbate wave formation.

If vessels run aground, the Coast Guard at Ft. Pierce is contacted, and a tow from Ft. Meyers is
requested. If there is danger to life or property, the Corps project operations office in Clewiston,
on the southwestern edge of Lake Okeechobee, will provide assistance. The Corps keeps records
of such assistance, but only for two years. As a result, information about groundings on Lake
Okeechobee is primarily anecdotal.

4.4.3 Aids To Navigation

Based upon a detailed inspection of the Lake Okeechobee Waterway, it appears there are some
problems with aids to navigation that pose hazards to commercial and recreation vessels.
Route 1 across Lake Okeechobee is particularly problematic in this regard. Specifically, the
channel markers appear to be spaced too far apart for safe navigation. In particular, offshore
from Clewiston, Route 1 turns sharply northward to pass through Rocky Reef at the “Hole in the
Wall.” There are three buoys that mark the channel through this turn: one for the approach, one
for the pivot point, and one for exit. The problem is that inexperienced mariners might be
tempted to cut across the hypotenuse of what is almost a right triangle, moving directly from the
approach to the exit buoy. Unfortunately, this would be a path directly over the reef. This path
might not be problematic during average or high lake levels, but at low lake levels groundings
would result.

In addition, waterway users indicate that in many locations the waterway buoys exceed the
channel dimensions significantly. Again, during average or high water, this may not be a
problem, but during low lake levels, shallow water could be encountered, as evidenced by the
Coast Guard’s placement of temporary markers.

Finally, on Route 1, the channel marker buoys seem to be spaced too far apart. While compass
headings for this route are provided in navigational charts for Lake Okeechobee, visual cues (i.e.,
confirmation) using the channel markers are not possible at some points along this route,
particularly offshore of Port Mayaca.

4.4.4 Lockage Restrictions During Water Shortages
Although the restriction of lockages as a result of water shortages is uncommon, they may cause
delays to some commercial and recreational waterway traffic. Delays are offset to some degree
by the opening of the Port Mayaca lock during low lake levels. However, there are economic
effects associated with these delays, particularly for some commercial traffic.

4.5 ASSESSMENT

Based upon hydrologic performance measures, field research and database searches regarding
commercial navigation on the Lake Okeechobee Waterway, it can be concluded that the effects
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of each alternative regulation schedule would have a minor negative impact on commercial
navigation relative to the current schedule. The commercial navigation issues on this waterway
are directly or indirectly related to lake levels. The infrequent and irregular nature of navigation
on the waterway raises the question of whether some shipments through the waterway could be
deferred until lake levels increase, with little ill effect. In addition, those shippers who use this
waterway may already have made adjustments to meet the fluctuations in lake levels.

However, those that depend on the waterway and cannot defer until lake levels increase, and
lightening their loads is not an option, but can only adjust by going around the peninsula, will
increase their travel cost by an estimated $27,850 per trip. Travel time using the waterway takes
one and one-half days while travel time around the peninsula requires five days.

Fiscal year (FY) 2006 estimated daily operating costs for shallow-draft tugs range from: $3,000
per day for the 600 horsepower (hp); $5,000 per day for the 800 hp; up to $7,000 per day for the
1,200 hp model. A shallow-draft tug (800 hp) would move the tows in the waterway, and a
seagoing tug would move the tows around the peninsula.

An assumption is made that 1,200 hp boats would be required for the outside run and half of the
barges used will be covered and the other half would be deck barges. The average cost per barge
is $100 per day.

Using the above information, the additional costs incurred for a shipper to detour around the
peninsula rather than use the waterway would be $27,850 per trip. This represents the difference
between $7,500 to use the waterway (1.5 days * $5,000 for 800 HP Tow) and $35,350 to go
around the peninsula (5 days * $7,000 per day + $350 additional barge cost).

In order to estimate the additional increase in commercial navigation costs at different lake
stages, information about the number of trips that absolutely must go around the peninsula
instead of the waterway must be known. This information is not readily available. Therefore,
the magnitude of the negative impact is unknown for each alternative relative to 07LORS.
However, given that there is no dedicated fleet, that there is a relatively small difference in the
stage-duration curve between the existing operating condition and each proposed alternative, and
that there has been a very small amount of commercial traffic since 2001, it is concluded that
there will be only minor adverse impacts on commercial navigation.

Therefore, the alternatives are ranked based on the number of times that lake stage is below 12
feet for more than 365 days, the number of years over the 36 years of record that lake stage is
below 11 feet for greater than 100 days, and the number of days that the lake stage is below
12.56 feet. The ranking from best to worst alternative is as follows: 07LORS; alternative 1bS2-
A; alternative 1bS2-m; alternative 2a-B; alternative 4-A; and alternative 2a-m.
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5. RECREATION
OVERVIEW

In this chapter, the potential economic effects of the alternative regulation schedules on
recreation are examined. The discussions focus on water-based recreation, specifically
recreational boating and sportfishing.

This assessment of recreation impacts of the LORSS alternatives will be limited to recreational
activities that occur on Lake Okeechobee and its immediately adjacent waterways and associated
landside facilities.

The economic effects of the alternative regulation schedules on recreation are estimated by
quantifying the differences in the quantity and quality of recreation activities expected to occur
under with- and without-project conditions. Estimating the change in economic value of
recreational activities can be approached in three steps: (1) identifying the recreational resources
of Lake Okeechobee and its associated waterways, (2) evaluating the quality and quantity of
recreation activities under the with- and without-project conditions, and (3) comparing these
quantities and qualities to estimate the effects of the alternative regulation schedules.

5.1 RECREATION RESOURCES

Lake Okeechobee is the largest recreational resource in the region. Lake Okeechobee and its
associated waterways and shoreline provide a wide variety of water-based recreation activities
for local residents and out-of-state visitors, including: fishing, boating, picnicking, sightseeing,
camping, swimming, hunting, air boating, and hiking. The western side of Lake Okeechobee is
relatively shallow, with an extensive littoral zone, which comprises approximately one-quarter of
the lake area. The littoral zone provides critical habitat for the lake’s popular sport fishery and
attracts thousands of waterfowl, which lure hunters during the fall migration.

Lake Okeechobee is recognized as supporting one of the best recreational fisheries in the nation.
The recreational fishery includes individual anglers fishing from boats and the shore, as well as
guided sportfishing. The fishery is large and productive due to the extensive littoral zone that
provides abundant habitat for juvenile and adult fish.

Profiles of the main recreation sites on the Lake Okeechobee Waterway are presented in Table
5-1. As indicated in this table, there are 39 recreational sites on the waterway and 34 boat-
launching sites that provide access to 